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Introduction
The global HIV/AIDS epidemic is largely dominated by viruses belonging to the group M of HIV-1. At present, the group M is subdivided into subtypes (A-D, F-H, J and K), sub-subtypes (A1-A4, F1 and F2), and several circulating recombinant forms (CRFs) [http:// www.hiv.lanl.gov/content/sequence/HIV/CRFs/CRFs.html].
More recently, second-generation recombinants (SGRs) combining one or more CRFs with different subtypes, as well as unique recombinant forms (URFs) have been described with high prevalences in populations and in geographic areas where multiple subtype co-circulate (Geretti, 2006; Peeters et al., 2003) , and referred as ''geographic recombinant hotspots'' (Thomson and Nájera, 2005) .
During the last decade, although some molecular forms are still ''geographically confined'' to the countries of their first detection (Ng et al., 2012; Liu et al., 2012; Passaes et al., 2009a,b; Ruchansky et al., 2009 ), non-indigenous viral variants are rapidly spreading into regions of the world historically restricted to specific HIV-1 subtypes.
In this regard, recent molecular epidemiology studies conducted in Western Europe including Italy, either in ARV-treated or -untreated patients, reported the circulation of several non-B subtypes and CRFs together with a clear increasing trend over time (Buonaguro et al., 2002; Lai et al., 2010; Monno et al., 2012 Monno et al., , 2005 Tramuto et al., 2007 Tramuto et al., , 2004 .
However, the impact of HIV-1 non-B subtypes in antiretroviral naïve groups of subjects has not been previously investigated in Sicily, a Mediterranean region becoming increasingly involved in immigration influxes.
The aim of the present study was to describe the heterogeneity of HIV-1 group M viruses and to investigate the evolution of subtype non-B strains by using a phylogenetic approach on HIV-1 pol sequences, among a group of antiretroviral (ARV) therapy naïve patients living in Sicily.
Materials and methods

Study subjects
From February 2004 to December 2009, plasma samples from a total of 155 HIV-1 infected patients with detectable HIV plasma levels (113 native Sicilian and 42 immigrants) naïve for highly active antiretroviral therapy (HAART) (72.3% males; median age 34.0 years; range 1-66) were consecutively collected at the AIDS Regional Reference Laboratory -University of Palermo and tested for the genotypic resistance to antiretroviral drugs as part of the pre-therapy routine procedure.
During the first visit to hospital, an individual's formal written permission to use any part of person's health data (e.g., demographic, clinical and laboratory information) in HIV epidemiology research studies was obtained from each patient or parents of children participants involved in the study. The present work was reviewed and approved by the institutional review board of the University Hospital ''A.O.U.P. -P. Giaccone'' of Palermo (Sicily), health data were stored according to the Italian laws on privacy, and the research was conducted following the Helsinki declaration statements.
Pol gene PCR amplification and sequencing
Plasma HIV-1 RNA levels were measured using the Roche Amplicor system (HIV Monitor, Roche Diagnostics Corp., Durham, NC) following the manufacturer's instructions. All plasma samples had HIV-1 RNA levels above the minimum detection limit for antiretroviral resistance analysis (1000 copies/ml). After extraction of HIV-1 RNA, a fragment of 1302 bp including the HIV-1 protease (PR) and the 5 0 -end of the reverse transcriptase (RT) open reading frames was amplified using the Viroseq HIV-1 Genotyping System (Abbott, Germany) following the manufacturer's instructions. The amplified fragments were directly sequenced with the ABI Prism 3100 automated sequencer (Applied Biosystems, Foster City, CA), data were analyzed with a dedicated software (Viroseq HIV-1 Genotyping System Software v2.5, Abbott, Germany) and manually edited where necessary.
Phylogenetic analysis, subtyping and genetic distances
Overall, all HIV-1 pol sequences obtained were firstly analysed using the NCBI Genotyping tool [http://www.ncbi.nlm.nih.gov/ projects/genotyping/formpage.cgi] in order to evaluate the similarity scores to specific HIV-1 subtypes. Then, nucleotide sequences were aligned using ClustalW software v2.0.9 (Larkin et al., 2007; Thompson et al., 1994) followed by minor manual adjustments using the BioEdit Software v7.0.9.0 (Hall, 1999) . The final dataset included HIV-1 pol Sicilian sequences, as well as subtype-specific and CRF sequences downloaded from the HIV Los Alamos Database [http://www.hiv.lanl.gov/content/index].
HIV-1 subtype classification was performed by phylogenetic analysis. For this purpose, phylogenetic trees were built with the neighbor-joining (NJ) method implemented in the software MEGA v5.0.3 (Saitou and Nei, 1987; Tamura et al., 2011) according to the Tamura-Nei model of evolution and the c distribution of substitution rates among sites. The jModelTest2 program (Darriba et al., 2012) was used to choose the appropriate nucleotide substitution for our dataset, the shape parameter a and the transition:transversion (T:t) ratio were calculated with Tree-Puzzle v5.2 (Schmidt et al., 2002) , whereas the statistical robustness of the NJ trees and reliability of the branching orders was assessed with 1000 bootstrap resampling.
Phylogenetic network trees were also constructed with SplitsTree (Bryant and Moulton, 2004; Huson and Bryant, 2006) using the general time reversible nucleotide substitution model (GTR), with c-distributed among-site rate heterogeneity.
All of the sequences were further investigated through both the web-based HIV-1 REGA Genotyping Tool v2.0 (de Oliveira et al., 2005) and the Simplot v3.5.1 software (Lole et al., 1999; Salminen et al., 1995) (sliding window: 200-nt, T:t ratio = 2.0, model of evolution: Kimura two-parameter, bootstrap: 1000 replicates) to determine whether they were pure subtype or CRFs and to identify the recombination breakpoints. In this latter case, each ''query'' sequence was preliminarily compared with all major subtype/subsubtype ''pure'' reference sequences, and then run against only the strains involved in the recombination events to generate bootscan graphs. In any case, the fragments encompassed between breakpoints were confirmed through phylogenetic analyses, although almost all were too short to give a reliable phylogenetic signal. Alternative reference datasets were used in order to test the robustness of our findings (Table S1) .
Finally, to identify the greater similarity of the study sequence to those stored in the international databases a BLAST search was conducted [http://blast.ncbi.nlm.nih.gov/Blast.cgi].
Statistical analysis
The clinical and epidemiological features of this group of HAART-naïve HIV-1 positive patients were compared to test the differences between subtype B and non-B infected individuals by the v 2 test, Fisher exact test, or Wilcoxon test, as appropriate.
Cochran-Armitage test for trend was used to compare prevalences accross different sub-groups. Univariate and multivariate logistic regression analyses were performed including basic demographics (sex, age, ethnicity, and calendar years), immunological ðCD þ 4 and CD þ 8 Þ, and virological (HIV viral load) parameters, as covariates.
Two sides p-values <0.05 were considered to be statistically significant. Data analyses were performed with STATA v12.1 MP for Macintosh (Apple) (StataCorp, 2011).
Sequence data
All 155 nucleotide sequences of HIV-1 pol gene reported in this study have been submitted to GenBank. HIV-1 sequences collected during the period 2004-2008 have been previously submitted under the following accession numbers: EF192302, EF192305, and GU969472-GU969580. The accession numbers HQ667668-HQ667711 indicate new submissions and refer to nucleotide sequences obtained in 2009s. Table 1 shows the epidemiological and clinical characteristics of the study population distributed in two different groups sustained by B and non-B HIV-1 variant.
Results
Main characteristics of the study population
On a total of 155 HIV-1 HAART-naïve patients, 107 (69.0%) were infected with B strains, whereas non-B subtypes were detected in 48 subjects (31.0%).
During the study period, the increasing number of HIV-1 naïve patients per year, appeared consistent with a similar trend in the proportion of non-B variants (range: 7.8-40.9%, p = 0.025) and inversely correlated to the detection of B strains.
Male gender was prevalent in all groups and age-specific distribution (described in quartiles) showed a lower median age among non-B infected patients (30.5 years), with a significant proportion of younger subjects (n = 18/48; 37.5%), also confirmed by a logistic regression analysis (OR = 4.1; CI 95% : 1.4-11.9).
In our study population, HIV-1 infection was mostly acquired through sexual intercourse (96.1%), either heterosexual (59.4%) or homo-bisexual (36.8%). However, non-B subtype viruses were greatly represented among patients who acquired HIV-1 infection through heterosexual contacts (85.4%, n = 41/48).
Only 9.7% (n = 11/113) of Italian-born subjects were infected with non-B HIV-1 variants. This latter group mainly consisted of male subjects (10 males and 1 female, respectively) with a median age of 36 years (IQR = 13 years); 63.6% of them (n = 7/11) reported heterosexual promiscuity as risk factor, while 36.4% (n = 4/11) were homosexual men. Moreover, all of these patients were included during the last 3-year period of the study, most of them (90.9%, n = 10/11) equally distributed in 2008s and 2009s.
Furthermore, 24.5% of study population (n = 38/155) were African individuals, 92.1% of them (n = 35/38) harboured non-B viral strains. The strong association between the detection of non-B strains and the African origin of subjects was also supported by a logistic regression analysis, regardless of the HIV-1 transmission route (OR = 11.7, p = 0.035 and OR = 35.7, p = 0.024 for Africa and sub-Saharan Africa alone, respectively).
Both HIV-1 viral loads and CD þ 4 cell counts were quite similar in the two groups considered, although two-thirds of non-B patients had CD 
Distribution of HIV-1 group M variants in Sicily
All of the 48 HIV-1 non-B sequences initially detected through the NCBI Genotyping tool were further analysed phylogenetically (Fig. 1) . Overall, the neighbour-net tree generated with the SplitsTree software assigned fourty-five sequences into four main clades (subtype C, F1, G, and CRF02_AG), while three single HIV-1 sequences clustered with CRF12_BF, CRF01_AE, and CRF09_cpx references, respectively.
Although the most part of pol sequences unambiguously felt within specific subtype radiations, the uncertain phylogenetic placement of some viral sequences suggested divergent evolutionary pathways in respect of their common ancestors (e.g., CV1188_79/08, CV1202_96/08, CV1361_143/09, and so on). Furthermore, each non-B nucleotide sequence was analysed using both REGA HIV-1 subtyping tool v2.0 and Simplot software (graphs available upon request) in order to validate the classification and to better explore distinct recombination breakpoints.
Bootscanning plots confirmed 66.7% (n = 32/48) of these strains as non-B subtype or CRFs, while the remaining (n = 16/48) showed complex genetic patterns (Fig. 2) .
CRF02_AG contributed in 28/48 strains (58.3%), six of which included the CRF43_02G in their genetic organization (Fig. 2,  Section 1) .
Subtype F1 or F1-derived CRFs correlated to 4/48 (8.3%) strains (Fig. 2, Section 2) , while only two sequences were ascribed to CRF01_AE and CRF09_cpx, respectively (Fig. 2, Section 3) .
Fourteen out of 48 (29.2%) non-B infected patients were subtype C-related (Fig. 2, Section 4) . In order to investigate the geographic origin of these strains, a maximum likelihood tree was generated from a dataset including both the C-related pol sequences reported in this study and a group of reference sequences representative of the geographic areas endemic for subtype C infections such as South Africa, Ethiopia, Djbouti, and Brazil (Fig. 3) .
Nine out of 14 subtype C-related strains here reported clustered with HIV-1 reference sequences from the ''Horn of Africa'', in accordance to the geographic origin of the infected patients, while Neighbor-net tree describing the phylogenetic relationships of non-B aligned nucleotide sequences representing the protease and reverse transcriptase in the pol gene. The splits graph was constructed using NeighborNet methodology with pairwise distance input, which was estimated by GTR distance and g-distributed among-site heterogeneity. All samples characterized in this study are labeled on the corresponding branch. The ''IT'' suffix is used to indicate sequences from Italian subjects. three sequences from Italian-born individuals grouped differently with a set of Brazilian strains. Finally, the remaining two sequences did not clearly fall into subtype C radiation, one of which showed a divergent evolutionary pathway with the strongest similarity to both a single sequence described in France and a group of viral sequences recently found in Southern Italy (Monno et al., 2012) , and classified as BC recombinants. Fig. 4 depicts the maximum likelihood tree describing the phylogenetic relationships between our BC recombinant sequence with those from Southern Italy and France, together with a set of Fig. 3 . Maximum likelihood phylogenetic relationships of HIV-1 subtype C-related pol sequences of HIV-1 infections in Sicily. Maximum likelihood phylogenetic tree constructed using 1,302 nucleotide sites (HXB2 coordinates: nt 2253-3554) of HIV-1 subtype C-related pol sequences from Sicily, Brazil, Horn of Africa, and South Africa. Green area clusters South African reference strains, blue area includes strains from Italian-born individuals, and yellow area includes strains from Italian-born individuals with similarity to Brazilian C-reference strains. Bootstrap values greater than 75% are indicated with ⁄ on the branch leading to the reference strains. Clinical isolates are denoted with ''CV'' prefix and are indicated in bold. Each subtype C reference strain's label includes Subtype Country Genbank Accession number. Schematic representation of the mosaic pol fragments derived from bootscanning plots is shown in Fig. 2 . BR: Brazil; DJ: Djbouti; ER: Eritrea; ET: Ethiopia; ZA: South Africa.
CRF31_BC strains from Brazil. Interestingly, all of these BC recombinants felt into an isolated monophyletic group sharing a common ancestor with the cluster of CRF31_BC Brazilian sequences.
Discussion
In the present work, 48/155 (31.0%) HIV-1 viral sequences from HAART-naïve patients were phylogenetically analysed and classified as non-B strains. Although this result resemble those reported in other studies (Hemelaar et al., 2006) , it demonstrates an increasing trend by year, and ultimately confirms the observations from other European countries with much tighter historical relationships with countries endemic for HIV-1 non-B infections (Holguín et al., 2008a,b; Semaille et al., 2007; Tatt et al., 2004; Vidal et al., 2008) .
Different circumstances can offer a valid explanation for the introduction and spread of some specific non-B subtypes in the native population. Firstly, migration flow from countries with high prevalence of HIV to European geographic areas is dramatically increasing (Del Amo et al., 2011) , with an annual increment of about 15% in Sicily, where more than 35.0% of immigrants originates from African countries (Caritas/Migrantes, 2009) .
Secondly, in our country, these immigrants often live under conditions of poverty and deprivation. Consequently, prostitution and occasional sexual intercourses between local subjects and immigrant partners contribute to the spread of non-B subtypes in the native population (Holguín et al., 2008a) , further charged by the low usage of male condom due in part to a lack of, or poor, knowledge of prevention practices and also to the perceived ''low risk environment'' of HIV transmission in European countries (Barrett and Mulugeta, 2010) .
Thirdly, travelling to countries with easier opportunities for sexual promiscuity (i.e. Brazil, the Caribbean, and Thailand) could likely be responsible for the entry of an array of group M subtypes into formerly subtype B-restricted geographic areas and, consequently, contributing for the changing profile of the local HIV epidemiology in host countries (Rice et al., 2012) . As similarly reported in other studies in Italy (Lai et al., 2010) and elsewhere (Hawke et al., 2012; von Wyl et al., 2011) , in the present paper, the totality of non-B infections among immigrant subjects correlate to heterosexual transmission, while non-B infections in homosexual individuals were exclusively found in Italian-born patients. Of note, native Italians who were infected with HIV-1 non-B strains mainly harboured URFs while known CRFs/subtypes were found only in a minority group of subjects.
The present work confirms CRF02_AG as the prevalent circulating recombinant form in our region, as well as in several European countries (González-Alba et al., 2011; von Wyl et al., 2011; Yebra et al., 2012) , in contrast to that observed in the northern part of Italy where subtype F1 is the most prevalent non-B clade (Lai et al., 2010) , mirroring the extensive influx of immigrants from Romania, an European country with a massive prevalence of subtype F1 HIV-1 infections .
Although Romanians account for the main foreign community also in Sicily (Caritas/Migrantes, 2009) , the low prevalence of subtype F1 strains in our series may has been limited by the restricted number of Eastern European immigrant subjects included in this study.
A second main group of non-B HAART-naïve patients was infected with subtype C-related HIV-1 strains. The phylogenetic evolutionary analysis evidenced how subtype C infections in Sicily are mostly derived from travelling abroad or driven by immigrants from endemic areas of the African continent, also confirming the introduction of viral variants uncommon in our region as well as in Europe.
Intriguingly, a single C-related sequence with unresolved classification and belonging to a native Italian homosexual man, strongly correlated to a group of sequences described in Apulia (Monno et al., 2012) and in France , and closely related to those described by other authors in Brazil (Brígido et al., 2007; Gräf and Pinto, 2012; Passaes et al., 2009a,b; Santos et al., 2006) . Furthermore, the detection of such URFs-BC in three different geographic areas with no evidence of epidemiological link together with a local divergent evolutionary pathway, could represent a potential candidate for a novel CRF_BC profile, although a whole genome sequencing is mandatory to definitely confirm this evidence.
In summary, our findings suggest that the dynamics of HIV epidemic in Sicily seems to be driven by introducing more and more different non-B strains, some of which rare in our geographic area. Migration of several HIV-1 infected ethnic groups, mainly from Africa and Eastern Europe, mirrors in Sicily the epidemiology of HIV epidemics from their respective countries of origin. In addition, the detection of non-B subtypes in Italian-born subjects is compatible with sexual partners in/from countries with high endemicity and diversity for HIV.
The continuing increase of complexity and genetic diversity of the global HIV-1 pandemic represent a great challenge for the monitoring of the infection, either locally or globally. It could assume, in the future, important implications also in terms of diagnostic accuracy and sensitivity, efficacy of antiretroviral drugs, and may have serious consequences on efforts to control the AIDS pandemic with future vaccination trials (Holguín et al., 2006; Rouet et al., 2007; Wainberg, 2004) .
For these reasons, continuous surveillance of HIV variants and evolutionary research studies are of paramount importance to a better implementation of tailored public health policies.
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